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Between 1990 and 2014, Taiwan increased the college share of its labor force from
7 to 32 percent by converting junior colleges to 4-year colleges. Such a rapid surge
in skill supply should suppress college wages and lower wage income inequality.
Instead, wage inequality rose 7 percent since 1978. We show that the surge of
weaker college graduates made them poor substitutes for better-trained college
graduates and led to an increase in wage inequality within skill groups. Rising
wage inequality due to increased variation in the quality of young college gradu-
ates added another source of inequality to the Taiwan labor market. The Taiwan
case shows that increasing college access alone will not lower inequality.
I. Introduction
Taiwan’s labor market has absorbed a remarkable expansion in the sup-
ply of college-educated workers over the past two decades. The annual
number of college graduates increased five-fold, from 56,000 in 1990
to nearly 300,000 in 2011. As shown in figure 1, the surge in college grad-
uates is nearly fully explainable by changes in government policy that
converted junior colleges into 4-year colleges and lowered the required
pass rate on the college entrance exam. The ratio of high school gradu-
ates going to colleges rose from 15 percent to 89 percent.1 The impact on
We thank the Ministry of Science and Technology for its generous financial support
(103-2410-H-001-MY2). The views expressed here are those of the authors.
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the distribution of skills in the labor force is shown in figure 2. Between
1990 and 2014, the share of the labor force with a bachelor’s degree rose
from 7 percent to 32 percent. The increase is most apparent in new mar-
ket entrants. The share of new college graduates among 22–24-year-olds
rose from 13 percent to 73 percent.2
The rapid expansion of access to college has significantly altered the
average quality of college graduates. The rising number of college stu-
dents has been drawn disproportionately from the lower tail of the ability
distribution. Educational resources were also spread more thinly across
the larger number of colleges, leading to reduced public expenditures
per student, from NT$280,000 in 1990 to just NT$180,000 in 2013 (Min-
istry of Education 2014). Data from the College Entrance Examination
Center show not only that the average college entrance examination
scores (General Scholastic Ability Test, or GSAT) have fallen across all
subjects but also that the standard deviations have doubled between
1999 and 2014 as well.3
TheTaiwan case represents a useful counterexample to theOECD (Or-
ganisation forEconomicCooperationandDevelopment) countries,where
slow growth of the supply of college graduates relative to rising skilled-
biased labor demand has been a key factor contributing to rising wage in-
equality (Katz andMurphy 1992; Card and Lemieux 2001; Autor, Katz, and
Kearney 2008; Moffitt 2008; OECD 2011). As shown initially by Katz and
Murphy (1992) and updated by Goldin and Katz (2008), growth in the rel-
ative supply of college graduates will tend to lower the returns to college
andpotentially reducewage inequality, provided that the growth in college
supply outpaces the growth in relative demand for college graduates. In-
deed, college wages fell relative to wages for less educated workers from
1915 to 1960 because the supply of skills outpaced technological expan-
sion (Goldin andKatz 2008). Since 1980, however, relative demand for col-
lege graduates has grown faster than relative supply, raising returns to col-
lege in most developed countries. As a result, there was rising inequality
in 17 of the 22 OECD countries with comparable data (OECD 2015). Ris-
ing returns to college explain 60 percent of the rising income inequality in
the United States between 1973 and 2005 (Goldin and Katz 2008).4 Al-
though the evolution of wage inequality over the past two decades is con-
2 This is computed as (college graduates in year t)/[(population aged 22–24 in year t)/
3], with data from the Directorate-General of Budget, Accounting, and Statistics (2014).
3 The GSAT is a standardized test that includes five subjects: Chinese, English, Mathe-
matics, Social Science, and Natural Science. Students are ranked 1–15 in each subject on
the basis of exam performance, with the top performers receiving a 15. The average scores
of Chinese, English, and Math (the three most important subjects) fell from 11, 9, and 8,
respectively, in 1999 to 7, 6, and 5 in 2014. At the same time, the standard deviations in-
creased from 2, 3, and 4, respectively, to 4, 5, and 5. We thank the referee for pointing
out these two mechanisms that result in lower quality of college graduates.
4 A related literature has examined whether there is a common tendency for income in-
equality to rise or fall as human capital increases. Knight and Sabot (1983) showed that the
answer depended on whether the human-capital investments are broadly distributed in the
population and whether supply of or demand for skills grows faster. De Gregorio and Lee
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sistent with more rapidly shifting demand for than supply of skills, empir-
ical evidence suggests that changes in the quality of college graduates are
also important (Card and Krueger 1992; Juhn, Kim, and Vella 2005;
Carneiro and Lee 2009; Carneiro, Heckman, and Vytlacil 2011). Carneiro
and Lee (2011) found that increases in college enrollment between 1960
and 2000 lowered the average quality of college graduates in the United
States, causing a 6-percentage-point decline in the college wage premium.
Taiwan’s educational reform, which substantially changed the quality of
college graduates, should add to our understanding of the impact of edu-
cation quality on labormarket outcomes.
With the Taiwan college graduate share of the workforce rising at twice
theOECD rate (3.7 percent per year) and the college share among young
labor market entrants rising evenmore rapidly, the growth of relative col-
lege supply should outpace any possible estimate of the technology
growth rate.5 In addition, growing trade with China for intermediate
and finished goods, accompanied by limited success in moving to higher-
value-added goods and services, has slowed the growth of labor de-
mand.6 Therefore, the rapid changes in the Taiwan college share and
its quality should have moderated the trends toward rising returns to col-
lege and rising wage inequality found in other developed countries.
Nonetheless, research suggests that Taiwan’s substantial increase in col-
lege supply has not depressed the college premium and wage inequality
(Lin and Orazem 2003, 2004; Cheng 2004; Vere 2005; Chen 2013). If
the slow expansion of the college-educated work force is viewed as amain
factor in rising college return in theUnited States, Canada, and theUnited
Kingdom (Card and Lemieux 2001; Goldin and Katz 2008), then the fail-
ure of the rapid increase in college supply to depress the college pre-
mium significantly in Taiwan is a puzzle.
Using data from the Taiwan Survey of Family Income and Expenditure
(SFIE), 1978–2014, this paper resolves the puzzle by improving on earlier
studies in several ways. First, the expansion of college access generated
college graduates who were not of the same quality as preexpansion col-
lege graduates. If employers discount the skills earned at the converted
2-year colleges relative to those of graduates at the traditional 4-year
programs, wage inequality will rise among the new cohorts of college
(2002) and Sylwester (2002) found that rising educational attainment or public educational
expenditures lowered inequality, but Rodríguez-Pose andTselios (2009) found that increas-
ing tertiary schooling increased inequality in European countries.
5 Computed with data from OECD (2012). The average growth rate of the college share
in the G7 was even smaller, at 2.8 percent.
6 Taiwan’s investment in China increased fromNT$174million in 1991 to NT$14 billion
in 2011. The weight of China in Taiwan’s overall foreign investment also increased from
10 percent to 84 percent over the same time period (Ministry of Economic Affairs 2016).
In addition, the inability of Taiwan to participate in free-trade agreements creates an incen-
tive for Taiwanese firms to invest in other Asian countries in order to benefit from the tariff
preference. This ongoing process undermines Taiwan’s competitiveness and investors’ con-
fidence in Taiwan’s economic prospects.













































































































graduates. At the same time, if younger and older college graduates are
not perfect substitutes, as found by Card and Lemieux (2001) for Can-
ada, the United Kingdom, and the United States, then wages for older
college graduates may remain high while returns to young college grad-
uates are falling because of the surge in young college graduates. We find
evidence that both of these factors contribute to increasing inequality in
Taiwan. Wage inequality rose by 7 percent between 1978 and 2014. The
college premium would have been 54 percent higher had college quality
remained unchanged at its 1990 level.7
Second, unlike the widely used Taiwan Manpower Survey, which in-
cludes only wages, the SFIE includes commissions, bonuses, and other
forms of performance pay. Performance pay is an increasingly important
component of a worker’s total compensation in Taiwan, similar to the re-
cent trends in other countries (Lazear 2000; Heywood and Parent 2012;
Lemieux, MacLeod, and Parent 2009; Pannenberg and Spiess 2009; Bell
and Van Reenen 2013). While wage inequality in Taiwan is stable or de-
clining, we find that that result is completely reversed once performance
pay is included in wage income.8 This is consistent with the experience in
the United States that wage inequality among male workers from the
1970 to the early would have been 21 percent less if performance pay
was not included (Lemieux et al. 2009).
Third, we use methods employed by Autor et al. (2008) and Lemieux
(2006) to construct quality- and composition-constant counterfactuals of
the college premium for both older and younger workers. The counter-
factuals provide new insights on the extent to which the shifts in educa-
tion quality and labor market composition influence the returns to post-
secondary education for older and younger cohorts of college graduates.
The remainder of the paper is organized as follows. Section II intro-
duces Taiwan’s education system and presents the stylized facts of the
wage structure in Taiwan from 1978 to 2014. Section III develops amodel
with imperfect substitution between older and younger college graduates
to explain the diverging paths of college wage premia for young and old
workers. Section IV reports the results and calculates the quality-adjusted
college premium. Section V decomposes the change in wage inequality
into three sources: changes in education composition and within- and
between-group inequality. Section VI concludes the paper.
7 Chen (2013) also applies the Card and Lemieux framework to the Taiwan Manpower
Survey data and finds no significant effect of changes in the average quality of college grad-
uates on the college premium.
8 Studies of income inequality using the Taiwan Manpower Survey, which excludes bo-
nuses from compensation, have found evidence of decreasing inequality in wages (Chan,
Chen, andHu 1999; Chen andHsu 2001; Gindling and Sun 2002; Cheng 2004). When only
the wage component is considered, using the Taiwan SFIE, we also finddeclining inequality.
However, bonuses are a rising share of compensation in Taiwan, and inequality in bonuses is
large enough to reverse the tendency toward equalization found in the wage component of
compensation.
6 Journal of Human Capital
II. Background and Stylized Facts
The Taiwan government provides 9 years of compulsory education. Ju-
nior high school graduates take the entrance examination to attend ei-
ther 3-year academic or vocational senior high schools or 5-year junior
colleges. Academically oriented students attend academic high school,
while vocationally oriented students go to vocational high schools or ju-
nior colleges. Most of the students in vocational high schools and junior
colleges enter the labor market after graduation, because the entrance
examination of 4-year colleges and universities is based on the curricula
of academic high schools.
The Ministry of Education controls the pass rate of the college en-
trance examination by regulating the number of students each university
can enroll. Before the educational expansion, about 40 percent passed
the examination. Facing the public outcry about limited access to col-
leges, the government implemented two waves of educational reforms
that increased college enrollments dramatically. Starting in 1990, junior
colleges were converted to 4-year colleges called Institutes of Science and
Technology. As shown in figure 1, 68 4-year Institutes of Science and Tech-
nology had opened by 2000. The second wave of expanded college access
began around 1997, when the newly formed 4-year Institutes of Science
and Technology were allowed to convert to Universities of Science and
Technology. Over the same period, the minimum acceptable score on the
college entrance exam was lowered considerably, and the fraction qualify-
ing for college rose to 58percent. By 2003, therewere asmany college grad-
uates as there were high school graduates 4 years earlier. The dramatic in-
crease in college-educatedworkers since 1990 is the result of the combined
effects of the expanded college capacity and the decreased standards for
admission.
Trends of the wage structure in Taiwan’s labor market.—We start by summa-
rizing the stylized facts of the wage structure over the past three decades
in Taiwan. The college premium is based on the annual wage income, in-
cluding performance pay. College-educated workers are those with a col-
lege degree or above, while high school workers include those with ex-
actly a high school degree. Figure 3 shows the overall and age-specific time
paths of the college wage premium over the past 30 years. The average
premium over a high school degree doubled between 1978 and 1992
and then remained fairly stable until it fell after 2003.
The age-specific time paths show that the overall pattern masks di-
verging wage experiences for young and older college graduates. While
young college workers enjoyed a higher wage premium than older work-
ers throughout the 1980s, as college access increased after 1990, the re-
turns to young college workers fell from 43 percent in 1993 to 26 percent
in 2014. In contrast, the college-plus premiumcontinued to grow for older
college graduates, rising from 42 percent to 70 percent during the same
time period. The negative impact of the rising relative supply of college-
























































































































































educated workers on the wage premium is confined to young workers,
while relative demand for older college-trained workers rose throughout
the period. As shown in figure 4, the difference in the college wage pre-
mium between younger (26–35) and older (46–55) workers becomes pro-
gressively more negative after the early 1990s. In other words, the wage
gap between younger and older college-educated workers is growing faster
than the wage gap between younger and older high school graduates.
Figure 5A plots the college–high school wage gap for five age groups.
The youngestworkers (aged26–30; solid line)experienceda rising college-
plus wage premium until 1993, after which the premium fell. For older
cohorts, the college wage premium rose over time until it stabilized after
2008. The fastest-growing college premia were for the oldest age groups.
The pattern is consistent with both presumptions, that the young and
old college-educated workers are imperfect substitutes and that the young
college graduates were of lower average quality than older college grad-
uates.
The role of cohort-specific supply shocks is further illustrated in fig-
ure 5B. Before the 1990s, the ratio of college-plus- to high school–educated
workers grew similarly for older and younger cohorts. After 1990, the ra-
tio grew much more rapidly for the youngest cohorts. If college-educated
workers with different levels of experience are imperfect substitutes, then
the sharp increase in college shares for younger workers will depress
wages most for the young college graduates but will have less impact, if
any, on the wages of older cohorts of college graduates. The simple cor-
relation between relative supply and relative wages of college graduates
is weakly negative for the youngest cohorts but strongly positive for the
oldest college cohorts. The latter result is consistent with pervasive shifts
of relative demand toward college graduates that are outstripping sup-
ply growth, similar to the pattern observed in the OECD economies. How-
ever, the growthof college supply appears to be outpacing skill-biased tech-
nological change for the youngest cohorts.
Table 1 presents the summary statistics in 1978, 1990, and 2014 for the
full sample and for the subsamples of males, younger workers, and older
workers. Among the interesting trends in the data is the growing impor-
tance of performance pay over the period: the share of workers receiving
performance pay rose from 65 percent to 90 percent, and the percentage
of wage income coming from performance pay rose from 3 percent to
18 percent. Younger workers were the most likely to receive pay based
on performance and had higher incomes in 1978 but lower incomes by
2014. The lower incomes for the young are despite the fact that the share
of younger workers with at least a college degree is at least 3 times higher
than that of older workers. Another trend that could affect observed in-
equality and returns to schooling is the rising presence of women in the
labor force. Their share of employment rose from 22 percent to 44 per-
cent, althoughmen have higher average education and earnings through-
out the period.































































































































































Table 2 reports the compositional shifts in employment by occupa-
tional skills between 1978 and 2014. The employment share of manage-
rial and professional workers rose by 34 percent, while the share of pro-
duction workers and laborers fell by 27 percent between 1992 and 2014.9
However, the growth of managerial and professional jobs slowed after
2000, even as the growth in supply of college graduates was accelerat-
ing. Consequently, the adverse effects of the rising supply on returns to
9 Since occupations were recoded after 1991, we use data after 1991 to avoid inconsis-
tency in classification. We also report the shares for 1978. However, the shares before and
after 1992 are not directly comparable.
Figure 5.—A, College wage premium relative to high school, by age group, 1978–2014.
B, Relative labor supply of college- to high school–educated workers by age group,
1978–2014. Relative supply is converted to efficient units with methods proposed by Card
and Lemieux (2001).






















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































college may have been exacerbated by a slower growth in the demand for
skilled labor. The demand shocks do not appear to be age specific, as the
rates of increase in the share of managerial and professional workers are
comparable between young and older workers for bothmen and women.
III. The Effect of Age-Specific Supplies and School Quality
on College/High School Wage Inequality
We adapt the framework of Card and Lemieux (2001) to account for
changes in the quality of college-educated workers due to the massive ed-
ucational expansion. Using the cohort-specific pass rate of the college
entrance examination, we divide college-educated workers into two qual-
ity groups: (1) workers who met the traditional college standards and
(2) those who did not. Our model recovers the elasticity of substitution
between traditional and nontraditional college graduates.
The labor force at any time t include two groups of workers, high
school–educated workersHt and quality-adjusted college-educated work-
ers C et .
10 Each of these education groups is composed of J age cohorts
within each education group, according to
C et 5 oJj aj C ejt










The elasticity of substitution between different age groups (jA) is posi-
tively related to h,∞ < h ≤ 1, by the relation h 5 1 2 ð1=jAÞ. Here C et and
Ht are measured in efficiency units. The parameters aj and bj are constant
technology parameters that allow productivity to vary across age cohort
j for high school and college laborers, respectively.
The educational expansion lowers the quality of a portion of the new
cohorts of college graduates compared to that of older cohorts. This sug-
gests that there will be imperfect substitutability between CTjt, “tradi-
tional” college graduates who would have met the previous entrance re-
quirements, and CN jt, “nontraditional” graduates who would not have
met the previous entrance standards. The quality-adjusted supply of a col-
lege cohort j is expressed by
C ejt 5 ðC vTjt 1 C vNjt Þ1=v , (3)
10 Results are unchanged if we use three groups, high school or less, junior college, and
bachelor’s degree ormore. In addition, we assume that the quality of high school graduates
is constant over time.
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where v 5 1 2 ð1=jcollegeÞ. The parameter v sets the magnitude of jcollege,
the elasticity of substitution between the traditional and nontraditional
graduates in a college age cohort.
We do not observe separate wages for traditional and nontraditional
college graduates. We assume that the observed college wage for a given










1r log vjt , (4)
where wTCjt is the unobserved wage of traditional college graduates, and
vjt ∈ ð0, 1 is the share of college workers of age group j whomeet the tra-
ditional college standards. Because log vjt < 0, we would expect r > 0, so
that the average college wage is smaller than the wage paid to the college
graduates with traditional ability. As the traditional share of a college co-
hort j falls, the gap between the average college wage and that paid the
traditional fraction in the cohort rises, meaning that within-cohort in-
equality will decrease in vjt. In the limit when vjt 5 1, as is the case with
the oldest college graduates, the observed average college wage equals
the wage paid to college graduates of traditional abilities, and there will
be no within-group inequality.
The aggregate production function is given by the CES (constant elas-





1 1 2 atð ÞH rt
h i1=r
, (5)
where 2∞ < r ≤ 1 sets the elasticity of substitution jedu between the two
education groups (r 5 1 2 ð1=jeduÞ), and at is time-varying technology
or demographic changes that alter the skill share of production. The
marginal products of workers from traditional universities and high





























5 bj 1 2 atð Þq12rt H h21jt H r2ht
h i
, (7)
where CTjt 5 vjtCjt . The first-order condition requires that all education
cohorts are paid their marginal products. Because we observe wCjt rather
than wTCjt , equation (4) suggests that we add r log vjt to both sides of the
first-order condition for traditional college graduates. With these condi-
tions imposed, the relative wageof college tohigh school graduates in co-
hort j in year t becomes





























1 n 2 1 1 rð Þ ln vjt:
(8)
Equation (8) can be estimated directly under the assumption that the
college- and high school–educated cohorts represent exogenous supply
shifts to the Taiwanese labormarket. The first term on the right-hand side
of equation (8) captures shifts in relative demand toward or away from
skilled labor, which can be captured by a time trend, the unemployment
rate (a business cycle indicator), and the minimum wage. The lnðaj=bjÞ
term represents the relative productivity of the two education groups in
cohort j whose effects are controlled through age-group dummies. The
next two terms allow us to estimate the elasticities of substitution between
educationgroups andbetweenagegroups.11Theestimateof the last term,
alongwith theestimateof r fromequation(4), allowsus to recover theelas-
ticity of substitution between traditional and nontraditional college grad-
uates.
Like Carneiro and Lee (2011), we use the pass rate on the college en-
trance exam to derive an estimate of vjt, the fraction of college graduates
who would have met traditional college entry standards. We define vjt 5
P*=Pjt24, where P* is the lowest cohort pass rate in the sample and Pjt24 is
the pass rate of the college entrance exam 4 years before the graduation
date of cohort j at time t. As the cohort pass rate rises, vjt falls, as does the
average quality of the college cohort.
There are two important reasons to use the pass rate of the entrance
exam lagged 4 years instead of the fraction of the college cohort gradu-
ating from the traditional colleges. First, the pass rate is an exogenous
policy variable because it is regulated by theMinistry of Education, which
oversees the number of students each college is allowed to enroll. In con-
trast, the fraction going to traditional or nontraditional colleges reflects
the endogenous response of students to the changing access to college.
Second, the pass rate alters the distribution of skills at both traditional
and nontraditional colleges. Not only will weak students go to the con-
verted junior colleges but the rosters of the traditional colleges will also
be drawn from apool that includesmany previously unqualified students.
In addition, resources were spread more thinly as colleges took in more
students, lowering the education quality at the traditional schools.
To further motivate the use of the pass rate, we group individuals into
year-age cells and then compute the college premium for each cell. We
assume that all individuals in the same age group face the same wages
in the same year. Figure 6 shows the scatter plot and fitted relationships
of the cohort-specific college wage premium against the cohort-specific
11 The construction of the relative supplies of college-educated labor is similar to that in
Card and Lemieux (2001).









































































































































































































































































































pass rate on the college entrance exam.12 To distinguish between the ef-
fects of the rising supply of college graduates in the labor market, we pre-
sent three series, one for college labor market shares below 20 percent,
one for college shares between 20 and 30 percent, and one for college
shares above 30 percent. All three series show a negative relationship be-
tween the college premium and the cohort-specific pass rates. As the col-
lege labor market share rises, the benefit of being in a cohort with a low
pass rate increases. On the other hand, returns to college for cohorts with
the highest pass rates on the entry exam are low regardless of college la-
bor market share. It appears that the rising pass rate on the college entry
exam does signal declining average quality of college graduates.
IV. Empirical Results
Table 3 reports the estimates of equation (8), using the weighted least
squares. We interact time and age-group dummies with an indicator of
the post-1990 period to control for the difference in the relative supply
and wage patterns after the educational expansion. The estimates in the
first two columns are all statistically significant, except that the effects
are smaller in column 2. The coefficient on lnðC ejt=HjtÞ 2 lnðC et =HtÞ im-
plies that a 1percent increase in college supply relative tohigh school sup-
ply for age group j leads to a 0.12 percent decrease in the college–high
school wage gap. The implied elasticity of substitution between age groups
is 8.3, which is slightly higher than the corresponding estimates of 4–6
reported for the United States (Card and Lemieux 2001; Autor et al.
2008). We get a similar effect for the aggregate college to high school
employment ratio logðCt=HtÞon the college–high school pay gap. A1per-
cent increase in the ratio of college to high school workers depresses the
relative wage by 0.12 percent, implying an elasticity of substitution between
education groups of 8.3, which is also similar to what was found in the
United States.
It is apparent that education quality plays a key role in the college pre-
mium. A 1 percent increase in the fraction of college graduates who
would have met traditional college entry standards widens the college–
high school pay gap by 0.13 percent. We recover the elasticity of substitu-
tion between traditional and nontraditional college graduates by deriv-
ing an estimate of r from equation (4).13 The estimated coefficient on
lnðvjtÞ is 0.41. The implied elasticity of substitution between traditionally
and nontraditionally skilled college workers is 1=ð1 2 vÞ 5 1=ð0:41 2
0:13Þ 5 3:57. The literal implication is that the nontraditional college
12 The fitted lines are estimated by the weighted least squares, with the weight equal to
the inverse of the variance of the college premium. The coefficients are all statistically sig-
nificant at the 5 percent level.
13 The regression included time and age-group dummies, along with our estimate of
lnðvjtÞ.







































































































































































































































































































































































































































































































































































































































































































































































































































































































graduates are relatively weak substitutes for similarly aged graduates meet-
ing traditional entrance standards.
Skill-biased technical change is often cited as themain cause for the ris-
ing college premium in Europe and North America. In Taiwan, we see
this clearly for the oldest college cohorts in figure 5. The older college
graduates experienced progressively higher relative pay compared to
their high school–educated counterparts. However, more recent college
graduates are not experiencing the same productivity boost from comple-
mentary capital investments, consistent with our hypothesis that the rapid
expansion of college enrollment lowered the average quality of young col-
lege graduates. The wages of the traditionally educated college graduates
in their age cohort are only moderately depressed by the large cohort of
weak college graduates.Weak substitutability between traditional and non-
traditionalcollegegraduatesmeans that thesurgeincollegegraduates should
create a pay gap between weak and strong college graduates in the same
graduating class.
A. Sensitivity Analysis
To check the robustness of ourmodels, we reestimate equation (8), using
alternative samples. Column 3 of table 3 excludes junior college gradu-
ates, who had been included with the high school group. One might
be concerned that including the junior college graduates with the high
school graduates would artificially increase the measured substitutability
between college and high school workers. However, the estimates barely
change when the junior college workers are excluded.
Women’s labor force participation rates and hours worked differ con-
siderably frommen’s. This may bias our estimates if we fail to account for
the shift in employment composition (Blundell, Reed, and Stoker 2003;
Mulligan and Rubinstein 2008).14Columns 4 and 5 report separate esti-
mates for males and females. The results for men are similar to those
for the full sample. The results for women are similar in sign and magni-
tude to those for men but lack precision. Therefore, we focus on themen
only for the remaining analysis.
The final two columns of table 3 report the estimates for the pre- and
post-1990 periods, respectively. Education quality has a significant effect
for the post-1990 period, as opposed to the marginally significant effect
in the pre-1990 period. This is consistent with the presumption that the
average quality of college graduates was stable before the educational ex-
pansion. The coefficients on aggregate relative supply have the expected
negative sign but are not as precisely estimated as those for the full sample.
We also use two alternative quality measures for the analysis: (1) the
share of academic university students relative to all college students (SA)
and (2) the share of studentswho graduated from the traditional academic
universities established before 1990 (ST). The first quality indicator is also
14 We thank the reviewer for pointing out this important issue.
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used by Chen (2013), and the second one presumes that graduates of the
traditional universities still meet the traditional academic standards. The
results in table 4 show that, regardless of the measure of quality used, the ef-
fects of education quality retain sign and significance. Our findings dif-
fer from Chen’s (2013) conclusion that changes in the quality of college
graduates did not affect the college premium.15
B. Quality-Adjusted College Premium
In this subsection, we examine the extent to which falling quality of
college-educated workers accounts for the stagnation and then decline of
the college premium after early 1990s. We use the estimates of equation
(8) based on the male sample to construct the time series of unadjusted
and quality-adjusted college premia by fixing the quality of college grad-
uates alternatively at the 1978 and 1990 levels. We are particularly inter-
ested in young workers because they are affected the most by the educa-
tional expansion.
Figures 7 and 8 demonstrate how college premia were altered by col-
lege quality changes since 1978 and 1990, respectively. For workers aged
46–55, the unadjusted college-plus premia grew continuously. The jump
in college premium between 1989 and 1990 is due to the large esti-
mated coefficient of the interaction term of the post-1990 indicator and
age-group dummies. The adjusted college-plus wage premium also rises
throughout the entire period, reflecting steadily increasing demand for
skill. In addition, the gaps between the adjusted and unadjusted series
are relatively small, suggesting that the expanded access to higher edu-
cation did not significantly depress the college premium for older college-
educated workers.
In contrast, the pattern of unadjusted college premia for young work-
ers aged 26–35 rose steadily until 1990 and remained stable until it started
to drift downward after 2002. By 2014, the premium had fallen nearly
back to the level of 1978. The diverging pattern of wage premia between
the quality-adjusted and quality-varying series after the mid-1990s, espe-
cially after 2002, is consistent with progressively rising supply and declin-
ing average quality of young college-educated workers.16 The wage premia
would have been 41 percent higher had college quality stayed at its 1978
level and 54 percent higher had college quality remained at its 1990 level.
15 Chen’s (2013) model cannot estimate the elasticity of substitution between workers
with different quality. She has to assign different values for the elasticity of substitution be-
tween workers with different quality to construct quality-adjusted relative supply. The rela-
tive wage of college to high school workers is adjusted for quality. As a result, the estimates of
the elasticities of substitution between age and education groups remain unchanged be-
cause the dependent variable, relative wage of college to high school workers, is quality ad-
justed. Moreover, the wage income available in the Taiwan Manpower Survey does not in-
clude performance pay, which would affect estimated returns to schooling.
16 Corroborating evidence that young college graduates are of lower average quality is that
college-educated workers have the highest unemployment rate among all education groups
since 2007.
















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































The expanded college access appears to affect the wages of young gradu-
ates only, consistent with the earlier findings that young and older college-
educatedworkers are imperfect substitutes. Consequently, the educational
expansion will increase wage inequality between young and older college-
educated workers. Past studies (Chen and Hsu 2001; Gindling and Sun
2002; Cheng 2004) did not find this result because their studies ended be-
fore the impact of declining college quality on relative wages was as
apparent.
C. Decomposition of the Wage and Composition Effects
The significant post-1990 decline in the college premium of younger
workers relative to that of older workers coincides with the expansion
of college education. Hence, it is important to examine to what extent
changes in labor force composition and relative wages contribute to

















to measure the relative college premium of young workers to older ones.
To estimate the contribution of the rising college enrollment to the de-
cline in the relative college premium of young workers, we construct a
counterfactual distribution of wages in the absence of college expansion,
using the reweighting approach (DiNardo, Fortin, and Lemieux 1996;
DiNardo and Lemieux 1997; Lemieux 2006; Autor et. al. 2008). The
counterfactuals fix relative wages at their 1978, 1990, and 2014 levels and
allow the composition of the labor force to evolve at historical rates. The
reweighting function is calculated by a logit model that includes dummies
for educational attainment andpotential experience, a quadratic in poten-
tial experience, the interactionof potential experiencewitheducational at-
tainment, and the interaction of the pass rate of the college entrance exam
with a college dummy variable. The counterfactuals shown in figure 9 take
into account changes in the quality of college-educated workers. The verti-
cal difference between the counterfactual and the actual series represents
the effect of changes in wages on the relative college premium of young
workers, holding labor force composition constant. The changes in values
from the start to the end of the counterfactual series show the effect of
changes in labor force composition while holding the wages constant.
The actual series suggests that the college premium of young workers
was slightly higher than that of older workers until 1992. A wage premium
gap favoring older college workers has grown wider ever since. By 2014,
the college premium for older workers was 0.42 log points higher than
the premium for young workers. The counterfactual series show that
had relative wages remained at the 1978 and 1990 levels, the young would
have experienced only moderately lower premia. But demographic shifts
that greatly expanded the labor market share of young college graduates
















































































































































































































































































































































































































caused substantial reductions in the college premium for young workers
when relative wages were fixed at their 2014 levels. The timing of the de-
cline coincides with the large influx of college graduates into the labor
market.
One confounding factor that may bias our estimates of the gap in wage
premia between young and older workers is the differences in the employ-
ment composition across age groups. Our data show that the labor force
participation rates grew for both age groups but that the supply of young
workers rose faster. This means that we might have overestimated the col-
legepremiumgapbetween young andolder workers (Blundell et al. 2003).
The evidence from Britain suggests that the selection effect biases the ag-
gregate wage upward by nearly 15 percent (Blundell et. al. 2003).
Toassess theeffectof thecompositionchangeontheestimatedpremium
gap between young and older workers, table 5 summarizes the changes in
the observed and composition-constant relative college premia of young
workers. The relative college premium of young workers increased by 4.4
log points from 1978 to 1990 and then declined by 43.8 log points from
1990 to 2014. Regardless of the year in which we fix the demographic com-
position, there are large reductions in the college wage premia for the
young in the post-1990 period. The adverse wage effect on the young is
largest when the labor force composition is fixed at 2014. Looking across
the columns while holding composition of the labor force constant, we
also find substantial reductions in the college premia due to declining re-
turns to young college graduates. Looking down the columns, we find sub-
stantial reductions in college premia due to changes in the share of young
college graduates in the labor force. This indicates that even if we hold
the attributes of workers at their 1978 levels to control for the impact of
changes in employment composition across age groups, the young work-
ers’ college wage premium is still 12 log points lower than that of older
workers. Both changes in relative wages and changes in labor force compo-
sition have contributed to the rising gap in the college premium between
young and older workers.
TABLE 5
Actual and Composition-Constant Changes in the Relative College
Premium of Younger Male Workers
1978–1990 1990–2014 1978–2014
Actual 4.43 243.76 239.33
Worker attributes fixed at their 1978 levels 4.16 216.07 211.91
Worker attributes fixed at their 1990 levels 4.93 224.13 219.2
Worker attributes fixed at their 2014 levels 2.79 235.82 236.61
Note.—Wages are annual wage income including performance pay. Log points have been
multiplied by 100. Tabulated statistics present observed and composition-constant relative
college premium of younger male workers, logðwCt2635=wHt2635Þ 2 logðwCt4655=wHt4655Þ. Composi-
tional adjustments use the kernel reweighting approach (DiNardo et al. 1996).
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V. The Contribution of the College Expansion on the Evolution
of Wage Inequality
We return to the key question of how the expansion of higher education
contributed to wage inequality. We decompose the change in the vari-
ance of log wage income between 1978 and 2014 into three components:
the change in college premium, the change in proportion of people go-
ing to college, and the change in inequality within groups. Given that the
focus is on the expansion of higher education and the substitutability be-
tween young and older college-educated workers, we divide the sample
into two education groups (college-plus and no college) and two age
groups (age > 45 and age ≤ 45). The cohort older than 45 in 2014 would
not have been affected by the change in college entrance requirements.
We analyze changes in two periods: 1978–1990, which predates the ex-
pansion of college access, and 2001–2014, which followed the last policy
change that increased college share.











si Y i 2 Y
 2
, (9)
where j2Yi is the within-cohort-i variance of log wage income, si is the co-
hort i population share of all workers, Y i is the mean log wage income
for cohort i, and Y is the overall mean log wage income.
Despite the substantial increase in the college share of the labor mar-
ket, the variance in individual log wage income actually has increased by
7 percent, from 0.266 in 1978–1990 to 0.285 log points for 2001–2014.
Column 1 of table 6 shows that the most important source of rising wage
inequality is the change in the education composition of the workforce
due to the expansion of college access. The rising share of both young
and older workers with a college degree or above increases the overall
log wage variance. This is consistent with the earlier finding that an in-
crease of more educated workers widens wage inequality (Lemieux
2006). The falling share of young workers with less than a college degree
partially offsets the rising inequality attributed to having more college-
educated workers in the labor force. Column 2 reports the contribution
of changes in within-group variance to inequality. The within-group var-
iances have mostly decreased, except for college-educated workers, par-
ticularly for the younger ones. Their rising within-group wage variation
is consistent with the presumed effect of rising within-cohort inequality
in ability as the share of entrants meeting traditional standards falls.
Column 3 reports the effect of each group’s wages relative to the aver-
age on overall inequality. The wage compression experienced by young
college graduates because of their rapidly rising supply reduces overall
wage variation. However, these young college graduates are weak substi-



































































































































































































































































































































































tutes for older college ones. As a result, the wages of older college grad-
uates actually rise because of their relatively short supply in the face of ris-
ing demand for skills. The last important component is the young workers
without a college degree whose wages are also bid up because of their rel-
ative scarcity.
Overall, table 6 shows that the rising share of college-educated workers
in Taiwan has contributed to rising wage inequality, but for very different
reasons when we examine the experiences of young and older college
graduates. For older college graduates, rising labormarket shares and ris-
ing college wage premia both contributed to rising overall wage inequal-
ity. For young cohorts, the effect of rising labor market shares was accom-
panied by falling college wage premia, which moderated their influence
on overall wage inequality. Nevertheless, rising wage inequality due to in-
creased variation in the quality of young college graduates added another
source of inequality.
In sum, the imperfect substitutability between young and older college
graduates,accompaniedbytheunevenqualityof theyoungcollegecohorts,
mean that the older workers disproportionately benefited from capital-
skill complementarity, while the young disproportionately bore the cost
of rising supplies and uneven quality of their peers. Our findings are differ-
ent from those of earlier studies showing that the wage inequality in Tai-
wan has decreased or was unchanged after the expansion of college access
(Chen and Hsu 2001; Cheng 2004). Besides using the latest data and in-
cluding performance pay in wage income, we believe that the difference
lies in the failure to take the substantial changes in education quality and
composition into account in earlier studies.
VI. Conclusions
This paper is motivated by the rapid increase of college-educated workers
that resulted from the expansion of higher education beginning in 1990.
The college–high school wage gaps of young and older workers have
moved in polarizing directions over the past three decades. In particular,
the college premia for young workers have fallen substantially, while the
premium for older workers has risen significantly.
Our model allows for imperfect substitutability between traditional
and newly converted college workers. We argue that the divergent trends
of the college–high school wage gap between young and older workers
can be largely explained by the age-specific relative supplies, falling pro-
ductivity of young college graduates, and the continued rise in the demand
for skilled labor. As a result, firms substitute more experienced college-
trained workers for their less experienced counterparts, leading to falling
college premia for young college graduates even as college premia are ris-
ing for older graduates. Our results consistently show that falling quality of
Expanding College Access in Taiwan, 1978–2014 31
college education due to the relaxation of college access plays an impor-
tantrole in fallingreturns toyoungcollegegraduates.Thecollegepremium
would have been 54 percent higher had the quality of young college grad-
uates remained at their 1990 levels.
We show that, despite the massive increase in the college share of the
labormarket, the variance of wage income actually increased by 7 percent
between 1978–1990 and 2001–2014. The rising relative supply of young
college-educated workers and their lower average quality have both con-
tributed to the decline in the college premium for young workers. At the
same time, skill-biased technical change has increased the college premia
earned by older college graduates who met the traditional college stan-
dards. Moreover, young and older college graduates are imperfect substi-
tutes, and so the adverse impacts of rising college-educated labor supply
were disproportionately absorbed by the youngest college cohorts. The
rapid increase in college supply widens wage inequality between young
and older college graduates and among “traditional” high-quality and
“nontraditional” low-quality young college graduates. As the Taiwan case
shows, increasing access to college without maintaining quality can raise
rather than lower wage inequality in the economy.
Although this paper focuses on the supply shock in the labor market,
the demand-side forces resulting from the radical changes in Taiwan’s
economy over the past decade may also affect the college premium. Tai-
wan experienced a sharp deceleration in GDP growth after the early
1990s. Compared with GDP growth averaging 7.6 percent between 1984
and 1997, the average growth rate has dropped to 2.9 percent between
2008 and 2013. Moreover, Taiwan’s economy is growingly dependent on
China, with 64 percent of Taiwan’s foreign direct investment and more
than 40 percent of Taiwan’s exports going to China in 2013 (Ministry of
Economic Affairs 2016). In contrast, domestic and inbound foreign direct
investment was only one-quarter of the level of outbound investment.
During the same time, the compositionofTaiwan’s investment inChina
has also shifted from labor-intensive industries to high-tech and ser-
vice sectors. That shift, which is common among developed economies,
has been associated with rising college wage premia around the globe.
The Taiwan case, where the gains are atypically high for the older college
workers, appears to follow ourhypothesized effect of the large supply-side
shock to young college graduates, compared to more moderate growth of
college graduates elsewhere, but it is possible that the composition of de-
mand has changed to favor older college graduates as well. Furthermore,
Taiwan’s service sector is plagued by low productivity because of its small
scale and domestically oriented operations. The main products of the in-
formation technology industry that power Taiwan’s economic growth re-
main largely hardware, which is increasingly produced in China and other
low-cost countries. These radical structural change in the trade patterns
and outbound investment may have also affected the returns to college
for young Taiwanese workers.
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